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In March, a group of over 100 industry aficionados gathered in South San Francisco to hear the latest on 
technology, markets and applications at Corham’s ‘Compound Semiconductor Outlook 2000’ conference. 
With over 30 contributed papers, many significant topics were presented, ranging from gallium antimonide 
photovoltaic cells to the rapid growth in the use of 6” wafers and the status of the epitaxial markets. 
A lthough two application fields, optoelectronics and wireless communications, 
provide the largest device demand 
there are many systems that rely 
on III-V devices for their efficient 
functionality, including RF and mil- 
limetre-wave devices, fibre-optic 
transmission, efficient solar cells, 
infrared sensors and cameras and 
the new markets being opened up 
in solid-state UV emitters and visi- 
ble lighting. 
Bill Kroll from GELcore LLC (a 
joint venture between GE Lighting 
and Emcore) presented the poten- 
tial for solid-state lighting made pos- 
sible by the latest generation of 
high-efficiency LEDs. The global 
lighting market is estimated to be 
US$12bn plus about US$4bn for 
LED lamps, however the new mar- 
kets made possible by the high- 
brightness LEDs will change this. 
Already traffic applications - both 
for traffic control (to make long- 
lived, energyefficient traffic lights) 
and for inside and outside vehicle 
lighting - have created a huge poten- 
tial market for the new LEDs, as 
have large outdoor and indoor 
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signs. LED traffic lights are estimated 
to save their US$40 cost by the en- 
ergy saved in less than one year, 
apart from the US$lSO cost to fre- 
quently replace an incandescent 
traffic light. GELcore expects to 
succeed by focusing on the many 
new LED applications beyond the 
discrete LED. 
The LED’s advantages are com- 
pactness, long life (millions of 
hours), robustness and energy effi- 
ciency Also, they are now avail- 
able for monochromatic uses in 
red, green, yellow and blue, and for 
white-light generation using either 
primary colours or phosphors. 
Current applications include low- 
wattage, directional, compact, long- 
life, back, and harsh-condition 
lighting. An example of a new ap- 
plication is the use of several rows 
of blue LEDs in each car on the 
Hong Kong airport express, to indi- 
cate the position of the train be- 
tween the stations. However, LEDs 
cannot fill all application needs 
and strong competition exists in 
the established lighting industry. 
About one third of all the energy 
generated is consumed by lighting; 
therefore more energy-efficient 
lighting can provide significant 
savings around the world. 
Fred Blum from Nitres Inc 
(which shares R&D efforts with 
Emcore and GELcore) provided ad- 
ditional insight into the uses for effi- 
cient LEDs. Coloured LEDs provide 
from 50-90% energy savings com- 
pared with filtered incandescent 
lamps, so a 10% penetration into 
this market would save more than 
US$lbn per year in energy costs in 
the USA, in addition to life-cycle 
cost savings. The world record 
quantum efficiency is 20%, held by 
a gallium nitride violet emitter, and 
it is hoped that this efficiency can 
be extended through to the green- 
wavelength LEDs and lead to new 
market uses. Currently we are pro 
duction limited, with only two full 
production lines at this time, name- 
ly those of Nichia Chemical and 
Toyoda Gosei. Blum stated that the 
potential markets include every red 
and green traffic light in the world, 
every interior auto lamp in the 
world and every cell-phone back- 
light with a choice of colour. He es- 
timated the highefficiency market 
to be US$400m today, rising to 
US$lbn in 2004. 
Solid-state lasers of the end- 
emitter type have provided the 
power for fibre-optic communica- 
tions for many years. However, this 
situation is changing and the verti- 
cal cavity surface emitting laser 
(VCSEL) is becoming the preferred 
device. Brian Gibson from MODE 
(a subsidiary of Emcore) provided 
the reasons for their recent popu- 
larity. Although they use typical 
MOCVD processes, VCSELs have 
several advantages over the tradi- 
tional solid-state lasers. These in- 
clude superior power performance 
(lower threshold currents), higher 
transmission speeds (l-10 Gigabits 
per second), very long lifetimes (up 
to 10,000,000 hours), simplified 
connection geometries and easier 
manufacturing processes com- 
bined with on-the-wafer testing. 
Moreover, for these reasons there 
are no edge-emitting lasers used at 
1 Gigabit data rates and above. 
The single biggest and fastest- 
growing market for VCSELs has 
been in 850 nm wavelength high- 
speed data and telecommunica- 
tions use such as Gigabit Ethernet 
modules and short-range intercon- 
nection needs. Gibson forecasts 
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that growing markets are available 
for the next-generation VCSELs and 
their arrays in the 2.5-10 Gigabit 
per second transmission lines, as 
improved performance and pack- 
age designs become available. 
All of these growing device ap- 
plication markets are supporting 
the rapid growth in materials de- 
mand in wafers and epitaxial 
process.These in turn have driven 
the worldwide move toward the 
use of 6” gallium arsenide wafers 
mentioned by several of the speak- 
ers. By now “the rush is on”, creat- 
ing a shortage of the large wafers 
that may persist for another year. 
Tom Hierl from International 
Quantum Epitaxy expected a rapid 
increase from a 20% usage of 6” 
wafers last year to over 50% this 
year to support the heavy demand 
for pHEMTs and HBTs in 2000 and 
beyond. Because of the growth in 
these device markets, GaAs epitaxy 
is also overtaking ion implantation 
as the dominant process for GaAs 
device production. In 1998,6O% of 
the GaAs wafer area processed was 
ion implanted. Hierl forecast an 
equal share between epitaxy and 
ion implantation this year, with epi- 
taxy expected to reach 60% of the 
area processed by 2002 - more like 
the silicon model! He indicated 
that for these epi-processes the 
cost of materials is 60-70% of the 
manufactured device cost. 
A further refinement of the 
GaAs wafer and epitaxy markets 
was provide by Stephen Bntwistle 
from Strategy Analytics. He report- 
ed that the semi-insulating wafer 
market was about 7.5 million 
square inches (msi) in 1998. At an 
average selling price of US$l5 per 
sq. in. it represented a total market 
value of US$125m, most of this 
(-90%) being merchant consump- 
tion (Figure 1). With wafer area 
growth rates expected to be over 
25% for the next two years, the 6” 
wafer market will be a tight supply 
situation for a similar period, as ca- 
pacity catches up with demand. 
Unlike silicon, the GaAs epitaxy 
market is currently almost equally 
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Figure 2: (top) MBE market by region (merchant & captive): 1998 area 1111 ksi 
(bottom} MBE market: 1998-2003 (courtesy of Strategy Analytics). 
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Figure 3: (top) MOCVD market by region (merchant & captive): 1998 area 7 090 ksi 
(bottom) MOCVD market: 1998-2003 (courtesy of Strategy Analytics). 
split between MBE and MOCVD are quite different. At this time, the 
processes due to the competition MBE epitaxy market is almost 
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America consuming over 60% of 
the output (Figure 2). However, the 
MOCVD market is almost 90% mer- 
chant (Figure 3). It can be seen 
from the data that, on a regional ba- 
sis, Japan accounts for 60% of this 
market. Entwistle forecast 35% av- 
erage growth rates for epitaxy 
through 2003. The growth of the 
two technologies is reproduced in 
Figures 2 and 3, with MOCVD over- 
taking MBE to become the market- 
share leader in the near future. 
Most of this demand is expected to 
come from wireless and millime- 
tre-wave applications, with cellular 
telephones being the largest user. 
Similar data was also provided 
by Joyce Ferranti of Marubeni 
America Corporation, representing 
Hitachi Cable Ltd. She reported the 
growth of the longest 6” ingot 
made on the most fully automated 
wafer line in the world. In addition 
to their 4” capacity, the current pro- 
duction level of single-side-polished 
6” wafers is 15,000 wafers per 
month which meet 4” wafer quality 
levels. Over the last four years 
Hitachi Cable’s GaAs epi-wafer sales 
have grown by 60% per year and 
the growth continues. Ferranti ex- 
pects the MOCVD wafer area to ex- 
ceed ion implantation this year and 
gain a 53% epi-market share. 
Regarding a lesser-known com- 
pound semiconductor, Lew Fraas 
from JX Crystals Inc described 
some of the unique properties and 
applications that are possible with 
gallium antimonide (GaSb). These 
range from very high photovoltaic 
(PV) efficiencies to the co-genera- 
tion of heat and photovoltaic pow- 
er. Under a Midnight Sun trade 
mark, JX offers a 25,000 BTU per 
hour propane or gas heater sur- 
rounded by PV arrays that gener- 
ates 100 Watts of DC power - very 
useful for a boat, a remote cabin or 
to allow night-time photovoltaic 
power generation in a Northern 
hideaway A 1 kW system has also 
been demonstrated. Tandem cells 
are used in space and for military 
applications, where there is a large 
market for quiet battery chargers 
burning either diesel or JPA fuel. 
With GaSb co-generation, an over- 
all fuel efficiency of 90% is possi- 
ble using a wide range of fuels. 
As may be expected in today’s 
environment, all presenters were 
upbeat about the present and fu- 
ture potential for the commercial 
use of compound semiconductor 
devices, materials and equipment, 
all based on significant system de- 
mands. The attendees should have 
departed with a positive forward 
outlook on the industry, a margin 
of comfort perhaps extending for 
the next five years. 
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